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The objectif of this paper is determening the content of tocopherols (α – , β + γ   and δ –  ) using a HPLC  
method with a FL detector and fatty acids in six romanian cereal grain varieties( wheat varieties: Ariesan, 




 In recent years the interest for natural antioxidants, especially of vegetal origin, has 
risen [1]. Antioxidants are also used as food additives to improve the quality of food products 
by avoiding offensive flavors. Synthetic antioxidants have been restricted in food products for 
safety reasons and due to reports regarding their involvment in chronic deseases [2].   
 One of the most powerful natural fat-soluble antioxidants are tocopherols or better 
known as vitamin E. There are eight occuring vitamin E compounds (four tocopherols and 
four tocotrienols). These are derivatives of 6-chromanol and differ in the number and position 
of the methyl groups on the ring structure, the four tocopherols homologues (α, β, γ, δ) have a 
16-carbon phytol side chain [3]. Tocopherols can act as antioxidants by a chain-breaking 
electron donor mechanism in wich they donate their phenolic hydrogen atom, this inhibits 
oxidation induced by electronically excited singlet oxygen [1]. 
 Vitamin E antioxidant activity order is α –Tocopherol > β – Tocopherol > γ – 
Tocopherol > δ – Tocopherol [4]. α-tocopherol is the major vitamin E in nearly all green 
plants, in non-green plant parts , such as seeds and fruits, γ-tocopherol is preferentially found 
instead [5].  
 The intake of dietary lipid and tocopherols is relevant to human health and should be 
subject of an extended research regarding quantitative and qualitative aspects. It is generally 
accepted that for a healthy nutrition  polyunsaturated fatty acids (PUFA) should constitute up 
to 7-10% of total energy intake, of  which n-3 PUFA should be 1-2% and the remaining part 
n-6 PUFA. If the ratio of    polyunsaturated fatty acids to saturated fatty acids (PUFA/SFA) is 
bellow 1.5 there are no negative health effects of the diet [6]. Fatty acids, wich are susceptible 




2.1. Cereal samples 
The cereal grain samples were obtained from the Agricultural Research Institute Turda from 




var., Turda 215 var.) and three wheat varieties (Stil var., Dumbrava var., Ariesean var.). The 
samples were ground in a laboratory mill and kept at -20º C untill extraction. 
2.2. Methods 
Total lipids were extracted from the grain samples following a modified Folch  method 
(1957).  For extracting total lipids a 2g sample of grain was placed into a flask toghether with 
60 mL of a Cloroform:Methanol solution (2:1  v/v). The flask was set on a magnetic agitator 
for two hours. Afterwards the solution containing the sample was filtered through a cellulose 
filter and moved into a separation funnel. On top of the extract from the separation funnel 
30mL of distiled water were added. After the separation of the two phases the aqueus layer 
was discarded. The chloroformic fraction was further anhidrified using anhydrous sodium 
sulfate. The extract was reduced to near dryness using a vacuum rotary evaporator at 35ºC. 
Fatty acids were converted to methyl esters by reaction with boron trifluoride/methanol at 
80ºC for two hours in a Pyrex glass tube. Esters were extracted twice using 1mL n-hexane, 
the extracts were combined, neutralized and dried with anhydrous sodium sulfate and then 
filtered. The final step before starting the GC-FID analysis was to concentrate the filtrate 
under a nitrogen stream. 
 FA were analyzed by gas chromatography (GC) with a flame ionization detection 
(FID). A 1µL sample was injected into the Shimadzu GC-17 A series gas-chromatograph, 
equipped with a 30m polyethylene glycol coated column (Alltech AT-WAX, 0.25mm I.D., 
0.25µm film thickness).    Helium was used as the carrier gas at a pressure of 147 kPa. The 
injector and detector temperatures were set at  260ºC. For the oven temperature the following 
programe was used: 70ºC for 2 min. then raised to 150ºC at  10ºC/ min. rate  and held at 
150ºC for 3min., then further raised up to 235ºC  at a 4ºC/min. 
 For the identification and quantification of tocopherols the sample treatment included  
the saponification of 0.5g cereal flour in a Pyrex glass tube with 0.5ml KOH 50%  and a 
mixture of 5ml ethanol + 2mL distiled water in the presence of 0.1g ascorbic acid. The tube 
was transferred to a boiling water bath for 30 min. After cooling an additional volume of 6ml 
ethanol was added in the tube. Three portions, each 10mL, of n-hexane:diethyl eter (7:3 v/v) 
were used for extracting the unsaponified lipids. The organic layers were collected in a 
separation funnel, after the separation of the phases. Water was then added in three portions to 
wash the organic extracts. A dry residue was obtained by subjecting the extracts to 
evaporation in a vacuum rotary evaporator at 35ºC. A 2mL methanol + 2mL acetonitrile 
solution was used for extracting the residue on a vortex mixer. Before subjecting the samples 
to HPLC-FL analysis they were filtrated through a 0.45µm pore size nylon filter. 
 Tocopherols were analysed using a Shimadzu VP Series liquid chromatograph with a 
fluorescence detector FR-10 AXL. A Alltima RP C-18 column (250mm x 4,6mm, 5µm) at 
40ºC was used for the chromatographic separation. The mobile phase was a mixture of 
methanol and acetonitrile (50:50, v/v) with a flow rate of 1mL/min.  For the detection of 
tocopherols an 290 nm excitation wavelength and 325 nm emission wavelength was set on the 
detector.  
 
 RESULTS AND DISCUSSION 
 
 It was found that in both wheat and maize the predominant fatty acid is the linoleic 







( Tables 1 and 2).                                                   
                                 Table 1. Fatty acid content in different wheat varieties 
          Wheat    variety 







Palmitic                   (16:0) 15,94 14,94  16,87  
Palmitoleic               (16:1) 0,14  0,11  0,15  
Stearic                      (18:0) 1,17  1,35  0,89  
Oleic                        (18:1) 14,97  17,61  10,70  
Linoleic                   (18:2) 59,89  59,13  62,54  
Linolenic                 (18:3) 4,17  4,03  6,14  
Arachidic                 (20:0) 0,33 0,72  0,29  
Cis-11-Eicosanoic   (20:1) 0,69  0,19  0,27  
 
   Table 2. Fatty acid content  in different  maize varieties   
          Maize    variety 







Palmitic                   (16:0) 9,49  9,48  9,46  
Palmitoleic               (16:1) 0,90  0,08  0,08  
Stearic                      (18:0) 1,90  1,96  1,95  
Oleic                        (18:1) 29,20  29,06  28,99  
Linoleic                   (18:2) 56,20  56,58 56,43  
Linolenic                 (18:3) 1,00  1,37  1,37  
Arachidic                 (20:0) 0,47  0,36  0,36  
Cis-11-Eicosanoic   (20:1) 0,25  0,22  0,22  
 
Figure 1. Fatty acid chromatogram determined by GC-FID analysis in cereal sample 
 
 
 Results show that MUFA percentage in wheat samples are double of that in maize 
samples, also PUFA percentage is greater in wheat than in maize ( Figures 2 and 3). The ratio 
between PUFA/SFA is 3.7 for wheat and 4.8 for maize, higher than the threshold of 1.5 which 
is considered not to raise negative health effects.  But this is not cause for concern due to the 
fact that total lipids (TL) are only a minor component of cereals, only 1.6g TL per 100g wheat 



















Figure 2. Saturated Fatty Acid (SFA), 
Monounsaturated Fatty Acid (MUFA), 
Poliunsaturated Acid (PUFA), mean values in wheat 
samples 
 
  Figure 3. Saturated Fatty Acid (SFA), 
Monounsaturated Fatty Acid (MUFA), 
Poliunsaturated Acid (PUFA ), mean values in maize 
samples 
 
 α- Tocopherol was the main isomer found in wheat var.,  where in maize varieties it was 
found that β+γ tocopherol are predominant. The δ- tocopherol was found in maize var., in the 
wheat sampels  it was not detected. 
             
Figure 4. Tocopherol chromatogram of   maize  sample subjected to HPLC-FL analysis 











                                              
                                       Table 3. Tocopherol content in maize samples 
          Maize    variety 
Tocopherol  
Turda 160 Turda 201 Turda 215 
α – tocopherol (µg/100g sample) 166,17 342,15 52,13 
β+γ – tocopherol (µg/100g sample) 560,32 1040,12 1469,4 
δ – tocopherol (µg/100g sample) 23,29 56,75 122,5 
 
                                             
   Table 4. tocopherol content in wheat samples 
          Wheat    variety 
Tocopherol  
Ariesean Dumbrava Stil 
α – tocopherol (µg/100g sample) 773,67 862,85 978,8 
β+γ – tocopherol (µg/100g sample) 165,46 141,72 88,45 
δ – tocopherol (µg/100g sample) -------- --------- --------- 
 
 It was concluded that wheat varieties have a higher level of α-tocopherol and β+γ – 
tocopherol than maize (Tables 3 and 4). When looking from the  δ – tocopherol content point of 
view it was found small quantities in maize var. (Figure 4) whereas in wheat it was absent.  
The theory that higher PUFA content is often associated with higher α-tocopherol content is 







and an α-tocopherol avereage of  871.77 µg / 100g sample where maize var. have a 58% PUFA 




This paper was focused on six romanian cereal varieties from the point of view of fatty acid and 
tocopherol content. The data obtained from this study should be of help in updating the national 
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